Study Design: Prospective clinical study. Purpose: We evaluated the challenges faced during diagnosis and management of patients with subacute pyogenic discitis and discussed various clues in clinical history, radiologic and hematologic parameters of these patients that helped in establishing their diagnosis. Overview of Literature: Present literature available shows that in patients with subacute spondylodiscitis and infection with less virulent organisms, the clinical picture often is confusing and the initial radiologic and hematologic studies do not contribute much toward establishing the diagnosis. Methods: Demographic pattern, predisposing factors, clinical presentation, comorbidities, microbiology, treatment, neurologic recovery, and complications of 11 patients were prospectively reviewed regarding their contribution toward the conformation of diagnosis of subacute pyogenic discitis. Results: Mean age at presentation was 46.0 years with average preoperative Oswestry Disability Index and Visual Analog Scale scores of 83.4 and 7.18, respectively. Mean follow-up duration was 12.0 months. The most common site of infection was the lumbar spine, followed by the thoracic spine (n=1). Infective organisms were isolated in only 45% of cases. Staphylococcus aureus was the most common causative organism isolated. Conclusions: Diagnosing subacute spondylodiscitis in a patient presenting with subacute low backache poses a diagnostic challenge. Clinical and radiologic picture are deceiving, and bacteriologic results often are negative, further complicating the picture. A detailed medical history along with clinical, radiologic, and biochemical parameters prevents missing the diagnosis. Serial serum Creactive protein and alkaline phosphatases were more reliable blood parameters in cases of subacute presentation.
Introduction
Subacute pyogenic spondylodiscitis remains a diagnostic challenge, and affected patients are at risk for permanent neurologic deficits and chronic pain if the appropriate treatment is delayed [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Spondylodiscitis accounts for 0.15%-5% of all cases of osteomyelitis [1, [3] [4] [5] . The incidence of nontuberculosis, nonpostoperative spondylodiscitis has been estimated previously to be 2.2-2.4 cases per 100,000 person-years [7, 8, [10] [11] [12] [13] and is increasing mainly due to an increasing elderly population [7, 8, 10, 13] . The onset of symptoms usually is insidious, with back or neck pain. Fever typically is not present and accounts for <20% of patients [9] . Other symptoms include nausea, vomiting, anorexia, weight loss, lethargy, and confusion. Predisposing factors include age, previous spine surgery, distant infectious focus, diabetes mellitus, advanced age, intravenous drug use, human immunodeficiency virus infection, immunosuppression, oncologic history, and renal failure [2, 5, 6, 12, 14] . On the basis of the duration of symptoms, infections can be classified as acute (<1 week), subacute (>2 weeks), and chronic. Staphylococcus aureus is the most frequent causative microorganism, accounting for approximately half of the cases of bacterial spondylodiscitis and also is predominant in iatrogenic spondylodiscitis. In approximately one-third of patients with pyogenic spondylodiscitis, the infectious agent never is identified, which may increase up to 44% in iatrogenic cases by direct inoculation [5, 13, 14] . Due to the nonjudicious use of antibiotics in the Indian subcontinent, the low grade pyogenic spine infections may present in subacute or chronic phase as a nonrelieving backache. In these cases, the clinical picture is very confusing with vague clinical signs and symptoms, modifying the picture of infectious spondylodiscitis. Diagnosis is based on clinical, radiologic, and microbiological grounds. Delayed diagnosis is common and can range from 2 to 12 weeks and occasionally after 3 months [9, [15] [16] [17] [18] . However, conflicting reports exist regarding the optimal methods for diagnosis and treatment. We discussed and evaluated various challenges faced during establishing the diagnosis in cases of spontaneous subacute pyogenic spondylodiscitis in this prospective study.
Materials and Methods
A total of 11 consecutive immunocompetent patients with the clinicoradiologic diagnosis of subacute pyogenic spondylodiscitis were prospectively included in the study between January 2016 and December 2017 at All India Institute of Medical Sciences, Rishikesh, a tertiary care teaching institute of northern india. A written informed consent was taken from all the patients included in the study and the approval from the institutional review board for this study was taken (IRB approval no., 79/ IEC/ PGM/2016). Each patient was followed for 1 year after the diagnosis. Clinical data on each patient were recorded and consisted of demographic pattern, predisposing factors, clinical presentation, comorbidities, microbiology, treatment, neurologic recovery, complications, and various challenges encountered subsequently during the diagnosis and management of each case.
Inclusion criteria were subacute presentation >2 weeks, radiologic correlation of spondylodiscitis, culture positive/culture negative with clinicoradiologic diagnosis, and biopsy positive/GeneXpert [19, 20] negative for mycobacterium. Exclusion criteria were acute presentation, nonpyogenic (e.g., tubercular, fungal, parasitic, and immunocompromized) patients, malignancy, trauma, and no radiologic finding correlating with discitis.
Spondylodiscitis was diagnosed on the basis of clinical, radiologic, and microbiologic grounds, involving a combination of clinical history, physical examination, radiologic assessment, and positive organism culture from blood culture or spinal biopsy. Additionally, spinal infection was diagnosed in cases with suggestive clinical features and appropriate radiologic changes, which remained culture negative, but had elevated inflammatory markers and responded favorably to antimicrobial therapy. In our series, blood markers considered were total leukocyte count (TLC), direct leukocyte count, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and alkaline phosphatase. For diagnosis of subacute spondylodiscitis caused by bacteria, bone aspiration specimens obtained through needle biopsy under C-arm or computed tomography (CT) where previous methods failed in sterile conditions were transferred immediately to BACTEC 9050 culture bottles (a series of blood culture instruments designed for the rapid detection of microorganisms in clinical specimens). When bacterial growth occurred on automated systems, conventional methods were used for bacteria identification.
Partial recovery was labeled when the symptoms improved, but the patient failed to return to his activities of daily living. Persistence or aggravation of the disease was deemed when the symptoms continued unabated for more than a month, with increased ESR and CRP levels, after spondylodiscitis treatment was started. Neurologic deterioration or worsening of the radiologic picture indicated treatment failure or lack of response. These patients were given the option of open biopsy and instrumented fusion for confirmation of diagnosis and alleviation of symptoms. Functional status was defined as interrupted activities of daily activities, and it was calculated by using Oswestry Disability Index (ODI). Pain was accessed by the Visual Analog Scale (VAS) score. Neurology was documented by Frankel grading, which was recorded during the pretreatment period and at 1, 2, 3, and 6 months and 1 year (final follow-up) after treatment.
For medical management of spondylodiscitis patients, flowchart 1 was followed with some modifications as reported by Duarte and Vaccaro and illustrated in Fig. 1 [3] . The patient was started on intravenous antibiotics after all hemato-radiological investigations with the most sensitive two drugs available according to culture sensitivity results for 4 weeks, which was later converted to oral therapy for 4 more weeks. Empiric antibiotics were administered in case of a negative biopsy report. In case of nonresponders, previous culture negative patients were switched to the surgical option with open biopsy and fusion for confirmation of diagnosis along with decompression and stabilization of the spine. These patients were started postoperatively on empirical therapy and later switched on to an intravenous and oral antibiotics regime according to culture reports.
Results
Our study included 11 patients with a mean age of 46 years. S. aureus was the most common organism detected in five patients (one had methicillin-resistant S. aureus and one had salmonella).
We could not isolate organisms in the remaining six cases even after open biopsy. Among 11 patients, 10 had spondylodiscitis involving the lumbar spine and one the thoracic spine. On careful and elaborated history taking of recent illness, the probable infection source was identified in most cases ( Table 1) .
The most common clinical symptom was backache, which was mild-to-moderate, nagging, and localized in the lower back region without radiation causing discomfort in daily life activities. Fever was present in only five of 11 patients (45%), which was low grade or intermittent in nature with spikes. Preoperatively, mean ODI was 83.4 and VAS was 7.18. Patients had neurologic deficit of varying degree of involvement, such as Frankel grades A (n=1), B (n=1), C (n=2), and D (n=2). Among them, two patients presented with bladder and bowel involvement. TLC was not a very sensitive marker. In most cases the TLC was within the normal range.
ESR was mildly raised in most cases (mean±standard deviation [SD], 25.4±16.6; n<20) ( Fig. 2) , except for two patients with frank extradural abscess formation. Serial CRP proved to be a much more sensitive marker and was raised significantly in all of our patients (mean±SD, 37.2±19.36; n<10). Also during the follow-up period, serial CRP values proved to be sensitive markers of response to treatment, showing a decreasing trend of values in patients responding to treatment and returned to the baseline normal value of <10 in most patients. In our series, serial alkaline phosphatase was a sensitive marker of subacute spondylodiscitis. Alkaline phosphatase was raised in all patients significantly (average±SD, 239±80.3 international units) (Fig. 2 ) and higher in patients with longer symptom durations. During follow-up, serial alkaline phosphatase values showed a decreasing trend in correlation with the response to treatment and decreased to normal values in most patients at the 6-month follow-up. In microbiological workup for spondylodiscitis, blood culture yielded positive results in only one patient with suspected septicemia as a predisposing cause. Percutaneous C-arm/CT-guided discal biopsy for culture and histopathology was done for all patients before starting antimicrobial treatment and yielded positive results in only two of 11 patients (18%) in our series. In these two patients, frank pus was found on discal biopsy, which was positive for S. aureus on aerobic culture and sensitivity testing. All these discal biopsy specimens were subjected to testing for mycobacterium using polymerase chain reaction/Gene Xpert to rule out tubercular spondylodiscitis [19, 20] , which is the most common cause of subacute/chronic spondylodiscitis in our country. Mycobacterium was not detected in any of our patients, and 54% underwent surgical procedures as either they were not responding to empirical antimicrobial treatment or they were having progressive neurologic involvement. Only three of six open biopsies (50%) yielded positive culture results with S. aureus in two and salmonella in one culture result (Table 2) . Overall, percutaneous and open biopsies yielded positive culture results only in five of 11 patients (45%). All patients received intravenous antibiotic therapy for 3 weeks and oral therapy for 3 weeks. Antibiotics were administered as per antibiotic sensitivity in six patients and empirically (injection cefuroxime) in the remainder. Mean VAS and ODI were 32.5 and 3, and 12.5 and 1, respectively, at 1 month and 1 year after treatment, respectively. Postoperative neurology improved at final follow-up in all patients with Frankel E in 10 and D in 1. There was no long-term morbidity or mortality. All patients except one with upper dorsal spine involvement recovered well with conservative and surgical treatment. All patients achieved bony fusion at the affected level on final follow-up of 1 year, which was decided on follow-up X-rays and CT.
Discussion
Subacute spinal infections pose a diagnostic and treatment challenge to clinicians because of their subtle presentation 
Clinical challenges
Subacute spondylodiscitis, a relatively uncommon clinical scenario, is becoming more common because of aging and higher incidence of bacteremia and sepsis episodes following use of invasive diagnostic and treatment methods [13, 21] . The onset of symptoms usually is insidious, with persistent back or neck pain being the most common presenting complaint [6, 7] . In our series mild-to-moderate intensity back pain was seen in 100% of cases. In the literature, age at presentation is in the 5th and 6th decades [13, 14] . However, in our study, presentation was slightly earlier with a mean age of 45.6 years, possibly because most literature available is of acute cases. In the elderly, diagnosis of spondylodiscitis frequently is delayed. The reasons for this include a higher prevalence of comorbidities, such as degenerative back pain that may cloud diagnostic evaluation. Clinical assessment may be difficult because of preexisting cognitive impairment or delirium and atypical or subtle symptoms and biochemical marker abnormalities. Relevant medical history can be one of the most important aids toward clinching the diagnosis in subacute cases presenting with persistent nonrelieving backache [16] [17] [18] . In our series, a thorough medical history revealed a recent history of medical illness in 63% of cases, for which the patient had undergone an incomplete course of antibiotics providing a clue to the bacterial origin of spondylodiscitis. The pathogenesis of spinal infection can be caused by direct inoculation (e.g., surgery, trauma, and contiguous spread from adjacent infected vertebrae) or hematogenous spread [4, 22, 23] .
Abscess continues to be a rare (<1%) cause of acute back pain in the primary care setting [16] . Several case reports continue to highlight the importance of diligent pursuit of an etiology in cases of back pain that do not improve or resolve. Ramos et al. [16] presented a case of fusobacterium species as the causal agent in vertebral osteomyelitis. Their case was particularly remarkable because the affected patient had back pain for 3 months and a remarkable medical history. Additionally, other recent cases highlight the importance of considering an infectious etiology in back pain without other specific etiologies [17, 18] . High-grade fever, one of the most common constitutional symptoms, was present in none of our subacute cases; however, fever of mild and intermittent nature was present in 45%. Similarly, such an insidious clinical course and a delayed onset of symptoms are seen in tubercular cases [15] . In our country, tuberculosis is endemic [20] , which adds further to the confusion as the subacute type clinical picture without microbiological growth warrants the diagnosis of tubercular spondylodiscitis [15] and undue prolonged treatment with antitubercular drugs. Hence, the differential diagnosis of subacute pyogenic spondylodiscitis should be kept in mind even in tuberculosis endemic countries in cases of backache with subacute presentation.
Diagnostic challenges

1) Radiologic
All patients in our series underwent radiologic investigations for confirmation of the diagnosis. All patients with nonrelieving backache >2 weeks in duration were initially screened by X-rays, followed by magnetic resonance imaging (MRI) and noncontrast CT. In most subacute cases, X-rays were nonalarming except for a slight reduction of disk space (Fig. 2) . Because many patients have degenerative changes on imaging studies, a high index of suspicion must be maintained in these cases [6, 7] . MRI in all our cases revealed hyperintense signals of disk space and adjacent vertebral bodies on T2-weighted and short T1 inversion recovery images (Figs. 3, 4) , which suggests local infective or inflammatory pathology [6, 8, [24] [25] [26] . How- ever, because of abundance of spinal tuberculosis patients, these subacute pyogenic cases can be very easily confused with tuberculosis because of subtle symptoms. Sensitivity, specificity, and accuracy of MRI are reported as 96%, 92%, and 94%, respectively [10] . The typical signal pattern of acute spinal infection on MRI is an increase in fluid signal because of marrow edema with signal decrease in T1-weighted sequences and signal increase in T2-weighted sequences with contrast enhancement (Figs.  4, 5) . In most cases, the infection starts in the anterolateral vertebral body near the endplate [8, 26] . Associated edema typically is pronounced and affects much of the vertebral body and intervertebral disc [26, 27] . Spinal neoplasms also may present with similar T1-and T2-weighted findings on MRI. However, the presence of disk space involvement will serve as one way to distinguish infections from neoplasms. Although MRI cannot diagnose the specific causative organism, some features suggest certain infections. For example, tuberculous spondylitis is characterized by meningeal involvement, subligamentous spread of infection, and paravertebral and intraosseous abscesses, which can be well demonstrated with contrast MRI [27] . In postoperative patients, the interpretation of MRI images may be more difficult because there will be some increased T2-weighted signal and contrast uptake at the surgery site [24] . Though there can be overlap of less florid or early discitis with normal postoperative changes, if the adjacent vertebral body shows low signal on T1- [28] . Schmitz et al. [28] reported that all patients with spinal infection confirmed by histopathology had positive FDG-PET imaging. Stumpe et al. [29] reported the use of FDG-PET for differentiation of degenerative and infectious endplate abnormalities in the lumbar spine that were detected on MRI. PET did not show FDG uptake in the intervertebral spaces of any patient with degenerative disease. In our series, we could not use this modality because of nonavailability at the time of study.
2) Microbiological
Identifying the offending pathogen is critical for guiding appropriate antibiotic therapy. Timely relevant identification of the causative agents and specific antimicrobial treatment are essential for avoiding severe complications in infectious discitis [11] . When pathogen identification is lacking, there is no option other than to use empirically based (trial and error), broad-spectrum, and long-term antibiotic therapy. CT-guided and C-arm-guided biopsy has been recommended for isolating causative pathogens [24] ; however, the aspirate often is inadequate and sometimes no organism has been cultured. In the absence of bacteremia, percutaneous disc aspiration or biopsy performed for pathogen identification by conventional microbiologic techniques fails to identify the causative agent in 30%-50% of patients [13] . In our series, we attempted C-arm-guided biopsy in all cases, which, if it resulted in a negative biopsy, was followed by CT-guided biopsy in all patients before starting antimicrobial therapy. However, conclusive results were obtained in only 18% patients, which were significantly less compared with the previous literature on acute spondylodiscitis (Table 3 ). The reported accuracy of spinal biopsy varies from 36% to 91% according to the organism isolated [24, 25] . In a retrospective study of postoperative spondylodiscitis, Fouquet et al. [24] obtained positive bacteriologic results in nine (36%) of 25 patients who had biopsies. They concluded the features of septic or chemical postoperative discitis can be distinguished by ESR, CRP, and percutaneous discal biopsy. Due to a low detection rate of microbial organisms in percutaneous biopsies, a greater number of cases needed to be converted to open biopsy who did not respond to initial empirical medical treatment. In our case series, only 50% yielded positive results, which further increased the diagnostic dilemma (Table 3) . So, overall in our series, only 45% were culture positive; thus, we could suggest that while suspecting a case of subacute discitis, a high index of suspicion should be maintained even in culture negative cases and not bluntly categorize them as tubercular infection even in endemic regions.
3) Hematologic Laboratory tests usually are inconclusive in diagnosing subacute and chronic spondylodiscitis. White blood cell (WBC) count is of limited diagnostic value, as it is commonly nonspecific, being elevated in less than half of patients [15] . ESR and CRP levels are more helpful. ESR is a sensitive laboratory test, being elevated in >90% of patients. CRP is more sensitive than ESR, with its levels also elevated in most cases [26] . In our series, we found that in subacute cases of spine infections WBC and ESR were inconsistent with the diagnosis and were not significantly raised (Fig. 5) . Serial CRP and alkaline phosphatase proved to be more sensitive markers in our series, raised significantly in 100% of cases (Fig. 5) , and helped in establishing their diagnosis and monitoring of healing during the post-treatment period [15, 26] . However, those associations could not be statistically proven because of the small sample size. Nevertheless, these markers also are nonspecific, since they are unable to distinguish between a pyogenic, granulomatous, or other inflammatory process. Patients with acute disease may demonstrate a significant increase in these markers, whereas in chronic infections (as in tuberculosis infections), these values may be normal or only slightly elevated.
Conclusions
In patients with longstanding (>3 weeks) nonrelieving localized back pain without significant constitutional symptoms, with a significant positive medical history especially of urinary tract infection, the suspicion of subacute discitis should be raised even if there is no fever and no increase in white cell count, ESR rate, or CRP level, and radiography is normal. These patients should not be bluntly categorized as having tubercular discitis in view of radiologic findings with subtle clinical symptoms and negative discal biopsy results. In total, the clinical picture, including all the clinical, radiologic, and biochemical pa-
